Introduction
Climate change (CC) impacts are threatening around the globe and they are not limited to developing countries. CC adaptation in developing countries is mostly focused on community-based adaptation to help the poorest and the most vulnerable societies by empowering communities to become resilient to CC impacts (Huq and Reid, 2007; Ayers and Huq, 2009 ). In contrast, developed countries are presumed to have a low vulnerability to CC (Ford and Berrang-Ford, 2011) . As a result, not many studies are conducted in the developed countries to see the effectiveness of policies and actions taken for CC adaptation. However, as the adaptation is location specific and solutions and approaches are diverse (Agrawal, 2010) , it is worthwhile understanding cases in developed countries.
Impacts on rice production are anticipated in Japan and several approaches are adopted to maintain the quality and quantity of rice production. Study of these approaches could yield useful lessons for other rice-producing countries in the Asia-Pacific region. Keeping this in mind, this chapter examines the adaptation measures taken in the agricultural sector in Japan, focusing on rice production, and it identifies critical messages and gaps with a view to finding effective ways to meeting Japan's adaptation needs.
Observed climate change impacts in Japan
Due to increasing temperatures and less or too much rain, symptoms, such as chalky grain, have been observed in Japan (Committee on Impacts of Global Warming and Adaptation, 2008) . Chalky grain is the murky colour of rice grain which is considered to be poor quality. First-class quality rice is the determinant of the highest rice price, and its criteria are mostly based on the appearance of harvested rice, such as size and colour, as well as the amount of grain moisture. Negative impacts on the quality of crops have a direct effect on the market price, sales and the income of the farmers. In addition to the direct impact of changing temperatures on crops, shifts in crop pests have also been observed. For example, grain damage caused by the infestation of rice leaf bug, rice bug and mirid bug has become more frequent (National Agricultural Research Centre for Tohoku Region, 2006 ).
An increase in the infestation period of rice stem borer (Chilo suppressalis) was observed with the extended duration of warm temperatures during autumn (Seino, 2008) .
Negative climatic impacts on rice have increased since 2000, especially in the northwest of Japan, including the Niigata prefecture, and in the southern part of Japan, including the Miyazaki prefecture, where the average temperatures during the grain-filling period are increasing (Seino, 2008) . Niigata is located on the island of Honshu on a plain between the coast of the sea of Japan and Echigo Mountains. With a humid subtropical climate, Niigata receives about 1,821 mm precipitation per year with rainfall during July to November and snowfall during December to March. The average daily mean temperature (about 13.9 °C), the average high temperature (about 30.6 °C in August) and the average low temperature (0.1 °C in February) in Niigata varies significantly for its four distinctive seasons (Japan Meteorological Agency, 2012a) . Miyazaki is located on the island of Kyushu surrounded by the Pacific Ocean. With the warm Japan Current, it enjoys a mild subtropical climate. Miyazaki receives about 2,508.5 mm precipitation per year with heavy rain during June to September. The average daily mean temperature (about 17.4 °C), the average high temperature (about 31.4 °C in July) and the average low temperature (2.6 °C in January) in Miyazaki varies in four distinctive seasons (Japan Meteorological Agency, 2012b) . Such seasonal variations in temperature have clear implications for rice production and the quality of rice.
Niigata experienced degraded rice quality in 1999 due to the abnormal summer temperatures and in 2004 due to the large number of typhoons. In 2010 the first-class quality rice in Niigata was about 19.7 per cent which is the lowest ever, affecting farmers' income (Ministry of Agriculture, Forestry and Fisheries (MAFF), Japan, 2010a). The average minimum temperature in Niigata was 25.9 °C during August 2010, which was just 0.1 °C below the threshold temperature for chalky grains (Ouchi, 2010) . In 2007, Miyazaki was affected by the foehn phenomenon after the typhoon, resulting in an extremely low rate of first-grade rice. The foehn phenomenon is known to be an extremely dry and hot local air which occurs when the humid wind flows over the mountain or when the hot air in the upper levels falls along the leeward side of the mountain. Severe impacts on rice quality in Niigata and Miyazaki encouraged these prefectures to respond rapidly to climatic variability.
Future climate change projections in Japan
In the medium term until the 2050s, a gradual increase in temperature and carbon dioxide (CO 2 ) are predicted to benefit rice production in Japan (Yokozawa and Iizumi, 2009 ). Rice yields may increase for a while because of the reduced impact of cold summers and the CO 2 fertilisation effect which is caused by increasing photosynthesis with increasing CO 2 concentrations (Seino, 2008) .
In Hokkaido, rice quality and yield are likely to increase if the geographical suitability for rice production and farmers' capacity permits (MAFF, Japan, 2008) . However, such an increase in yield may not occur in eastern and southern Japan since the temperature increase in those areas is already rapid, particularly in summer and autumn. An increase in total production will peak once the temperature exceeds the optimum range for growing rice, especially during the flowering and grain-filling periods (Yokozawa and Iizumi, 2009 ).
In the long term, towards the end of this century, both the quality and the quantity of rice in the whole of Japan are likely to decline due to the compound stresses caused by CC (Committee on Impacts of Global Warming and Adaptation, 2008).
Research objectives
This chapter aims to examine how a developed country such as Japan is currently responding to CC by studying various initiatives in the agriculture sector on a case study basis. The objective is to know if what is being done for CC adaptation in Japan is sufficient and what more can be done. 
Research methods

Miyazaki
The Environmental Administration Division of the Environment and the As mentioned before, Miyazaki is located in southern Japan so its climate is warmer than that of many other prefectures and it is experiencing degrading rice quality. Therefore the development of a heat-resistant rice variety has been initiated. The prefecture is growing two major rice varieties: Koshihikari (early-maturing variety planted in February, 3,000 ha in the prefecture) and Hinohikari (mid-maturing variety, 1,000 ha). The quality of both rice varieties was affected by the changing climate in the form of an increase in chalky grain, pests, viruses, and invasive species 
The role of cooperatives and local extension agencies
In Japan, extension agencies and JA assist farmers at the local level.
Extension agents work under the prefectural administration, and this is linked with the agricultural department of the prefecture and the prefectural agricultural research centre. The JA is a Japanese farmers association initiated under the Japan Agricultural Cooperatives Law 1947 by the General Headquarters of the Allied Forces of the United States. The idea of JA was to formulate an autonomous agricultural organisation for farmers in order to ensure equal rights to peasants. However, under the severe food shortages after World War II, it was difficult to make JA completely independent from the government. In the post-war era, the JA has been playing a middle-man role between the government and farmers. Although most of the farmers are the members of JA, the organisation itself is partly managed by the farmers (Yamashita, 2009 ).
Technicians at the extension centre give advice and training to farmers according to guidance from the research centres. Due to the limited number of staff, the extension agency may not always be able to cover all of the municipalities so they often collaborate with local JA branches to reach farmers. In most instances the extension centre advises JA agents to instruct lead farmers in the district, and lead farmers disseminate the instructions to all other farmers. In Miyazaki, extension agents and JA provide all farmers with information about farming techniques for efficient water and fertilizer management in the critical stages of cultivating rice. In addition, they organise training and workshops after harvesting (off season). In the year of extreme weather, more training and meetings were held for review and improvement. Interviews with extension agents in the Central Miyazaki Agricultural Extension Centre revealed that the extension agents do not have a specific mandate to initiate work on CC. Most of their efforts are dedicated to reaching out to farmers in the area to deal with regular cropproduction-related issues, such as pest control and irrigation, and no special training CC adaptation has been imparted to the extension agents. Similarly, JA does not have a specific division in charge of CC matters. Our interviews also did not reveal the existence of specific training programmes for farmers to deal with the vagaries of the climate. (Table 6 .1). They are not fully coordinated with other relevant sectors. Since the process of dialogue among various affected groups is required to deal with complex CC issues (Brown et al., 2011) , the current approach could easily cause fragmentation and unnecessary duplication. On the ground, communication channels between prefectural agricultural research centres and farmers appear to be highly dependent on JA due to the limited personnel within the prefectural extension departments. CC seems to be beyond the control of farmers. Everyday work is their priority, which makes them unreactive to the impacts of CC. In fact, CC impact varies every year with forecasts affected by uncertainties, which makes it difficult for farmers to respond from a long-term perspective.
Analysis and discussions
The context of adaptation is seen differently in Japan, where strategies to enhance adaptive capacity in the farm sector is dominated more by 'quality' concerns than 'yield' concerns, which is the priority in most developing countries. At the national level, initiatives have been established to deal with CC adaptation more in terms of promoting research on CC impact projections that could set the path for planned adaptation in the future. More concrete actions on the ground have been initiated by prefectures, including the development of heat-tolerant high-quality rice varieties, downscaling climate impact projections for agriculture, and chalky grain warning systems for maintaining high-quality rice. At the local level, people are found to be more concerned about dealing with existing climate variability than long-term CC.
The adaptation picture in Japan is emerging but fragmented, and more needs to be done. While well-informed approaches are something that may set Japan apart from other countries, the lack of a mechanism that coordinates and scales up local initiatives could result in the 'reinvention of the wheel' by other actors. Hence we propose a framework for horizontal and vertical coordination among ministries, sectors and players to 'scale up' the initiatives already taken up at the prefecture and local levels, and to make them interact with the government's plan and support (Howden et al., 2007; Reid, Huq and Murray, 2010; Regmi, 2012) . Such a coordination mechanism is possible at the national level. Since Japan already has relatively high adoption rates of advanced agrotechnology, the next step is to make available downscaled CC projections to all prefectures for initiating appropriate actions at the local level. In addition, Japan needs to address the changing socioeconomic conditions, including demographics and its implication for CC adaptation. One important lesson that could be learned from Japan, and that has direct relevance to the developing countries in the Asia-Pacific region, is that the local governments and institutions are strengthened to initiate adaptation actions even without significant support from the national level.
Limitations
This chapter is based on consultation meetings and interviews with various government institutions at the prefecture level. Though such an approach is not problematic, it could be difficult, as it is difficult for government officers to acknowledge the existing gap. In addition, the study has shown that technological interventions still play a major role in CC adaptation when compared with socioeconomic and community-driven approaches, which appear to be at the centre of CC adaptation initiatives in most developing countries. However, with the framework this research has followed, we cannot conclusively say that there are no community-based initiatives in Japan, but they are definitely not as visible as technological interventions.
Conclusion
Overall, although developed countries put less emphasis on the need for adaptation, this study revealed that the institutional system for adaptation in Japan needs to be strengthened. There are some actions emerging specifically at the local level of government and sectors but they still lack systematic approaches to efficiently deal with CC in terms of central-level coordination and strategising. Developed countries also need comprehensive policies similar to those of the developing countries. The following recommendations emerge from this study. First, there is a need for capacitybuilding of local functionaries for science-based adaptation. Topics such as downscaling of CC projections and impacts would be useful for local-level decision-making. Second, communication and coordination between different administrative levels needs to be improved, ideally with a greater role at the national level such that lessons learned across the prefectures can be shared effectively. Third, there is greater need for coordinated and integrated policies and programmes for avoiding duplication in different sectors and governments. Finally, there is a need for the diversification of adaptation strategies from technology orientation to social orientation.
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